Inducers of the Epstein-Barr virus (EBV) cycle, 5-iodo-2-deoxyuridine (IdUrd), phorbol myristate acetate (TPA) and sodium butyrate were tested for their ability to induce EBV-determined antigens, early antigen (EA) and virus capsid antigen (VCA), and to stimulate interferon (IF) production in a variety of EBV-carrying lymphoid cell lines. IdUrd and TPA induced IF production to various extents in the different lines, whereas sodium butyrate did not. There was no relationship between induction of the EBV cycle and production of IF; the two appear to be independent characteristics.
INTRODUCTION
Human lymphoma lines that carry the Epstein-Barr virus (EBV) genome differ greatly in their sensitivity to interferon (Adams et al. I975b) . There was a close parallel between the sensitivity of different lines to the antiviral effect of interferon (IF) and to its growth inhibitory effect. Some of the IF-resistant lines, with the Burkitt lymphoma line, Namalwa, as the outstanding example (Adams et al. r975a) , produce IF spontaneously and respond promptly with increased IF production when exposed to IF inducers.
It is not known whether the IF inducibility of different lines is related to the resident EBV genome, for example its activation from the fully latent form to an abortive or productive virus cycle or whether it is an independent property. The purpose of the present paper was to examine whether experimental induction of the virus cycle ran in parallel with IF induction. For this purpose, we used several well established methods of EBV-cycle induction, including treatment with the drug IdUrd or with other chemical inducers and superinfection with the P3HR-I substrain of EBV. The latter is a non-transforming EBV variant that on superinfection of sensitive lines, induces an abortive or productive virus cycle, as assessed oo2z-I317/8o/oooo-3749 $o2.oo © I98O SGM IP: 54.70.40.11
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G. KLEIN AND I. VILCEK by the appearance of early antigen (EA) and virus capsid antigen (VCA), depending on the line (Klein et al. I972) . Induction of the virus cycle is due to the interaction of the superinfecting P3HR-I virus and the resident EBV genomes in the superinfected cell (Dalens & Adams, 1977) . In all probability it is related to the DNA synthesis inhibitory effect of P3HR-I virus. In contrast, transforming strains of EBV, with B95-8 virus as the prototype, do not induce the virus cycle. Recently, Tovey et al. (1978) showed that interferon production in lymphoblastoid cell lines, whether spontaneous or induced in response to Newcastle disease virus, can be enhanced with BrdUrd. They concluded that the increased production of IF was not related to the expression of EBV functions.
For a more extensive comparison between the induction of IF and the EBV cycle, we have chosen two well characterized Burkitt lymphoma lines, Raji and Namalwa, and somatic hybrids between them. After treatment with suitable viruses, such as Sendal virus, Namalwa shows good IF inducibility whereas Raji, which is also IF resistant, is less inducible. In relation to the EBV cycle, the two lines show the opposite behaviour. Compared to Namalwa, Raft is highly inducible both by IdUrd and by P3HR-t virus. Raji/Namalwa hybrids are intermediate or tend to resemble the Rail, rather than the Namalwa parent (Nyormoi et al. 1973; Klein et al. 1977) .
METHODS
Derivation and maintenance of cell lines, and induction by the tumour promotor phorbol myristate acetate (TPA), by sodium butyrate and by P3HR-I virus superinfection were as in previous studies (Klein et al. 1972, I976a, b; Nyormoi et al. 1973; zur Hausen et al. 1978; Luka et al. 1979) .
Interferon titrations. Culture fluids were collected from various cell lines after the appropriate treatments and incubation, as indicated. The collected media were routinely adjusted to pH 2 by dropwise addition of o.I M-HC1 and kept for 5 days at 4 °C. This treatment is known to inactivate most viruses without affecting IF activity. Samples were assayed for the presence of IF in a semi-microassay based on the inhibition of the c.p.e, of vesicular stomatitis virus (VSV) in cells of the GM-258 fibroblast strain (obtained from Human Genetic Mutant Cell Repository, Camden, N.J., U.S.A.). These cells which contain three copies of chromosome 21 are highly sensitive to the antiviral action of IF (Tan & Greene, 1976 ) . In our assay system, the human leukocyte IF standard G-o23-9oi-527 (supplied by the National Institute of Allergy and Infectious Diseases, Bethesda, Md, U.S.A.) had an end-point titre six times higher than its assigned titre. Other details of the assay were as described by Havell & Vil~ek (I972) .
Neutralization of interferon by antisera. The properties of antisera specific for human Le and F IF have been described (Havell et al. J978) . They were used in a neutralization assay which measures the single-cycle yield of VSV from GM-258 cells previously incubated with the tested IF (at 50 units/ml) in the presence of an excess of each neutralizing antiserum alone, or with an excess of both antisera combined (Havell et al. I978) . Interferon samples were first concentrated about io-fold by dialysis against the hygroscopic reagent Ficoll-4oo (Pharmacia, Uppsala, Sweden).
RESULTS
As expected from previous results (Nyormoi et al. 1973; Klein et al. I976a) , IdUrd was found to induce EA, the first recognizable step of the EBV cycle, in Raji cells and in the Raji/Namalwa hybrid cells, but not in Namalwa cells (Table I) . IF induction was most pronounced in Namalwa cells with the lowest drug dose tested (5 #g/ml) and decreased gradually with increasing doses. IF was induced by IdUrd treatment in Raji cells and reached a level comparable to IdUrd-treated Namalwa cells, but with a different dose dependence. With increasing doses of IdUrd there was a dose-dependent increase of IF induction in Raji cells in one experiment and production of relatively constant amounts of IF at all IdUrd doses tested in the other. There was clearly no relationship between the inducing effect of IdUrd on EA and on IF, since the former was nil in Namalwa cells whereas the latter was high. Conversely, the high EA inducibility of Raji cells was not reflected by a corresponding IF inducibility. The Raji/Namalwa hybrid cells (four independent crosses, made by two different investigators) further emphasized this conclusion. EA inducibility by IdUrd varied between the different hybrids, as in our previous experiments, but was clearly higher than in the resistant Namalwa cell parent. In two hybrids (48-I and RN-I-I7) it was at approximately the same level as in Raji cells. In contrast, IF induction was clearly lower than in either of the two parents, suggesting possible complementation between two different regulator or suppressor mechanisms. Two strains of EBV were used for superinfection. The cytopathic P3HR-I virus induced EA in most of the cell lines, but interferon production was absent or low. The non-cytopathic B95-8 virus failed to induce EA but did induce interferon in most lines. Table 2 shows 
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Expt. no. Poly(I). poly(C) 2.6 2-6 5"6 5"7 * Confluent cultures of GM-258 cells grown in 24-well plastic trays (each well I7 mm diam.) were incubated in duplicate with 50 units/ml of each of the listed IF preparations, mixed with concentrations of anti-IF sera sufficient to neutralize at least 2oo units/ml of homologous IF. After i8 h, the IF-antiserum mixtures were removed, the cultures washed and inoculated with VSV at a m.o.i, of 3. The virus was allowed to adsorb for I h after which the cultures were washed four times with saline and replenished with MEM containing 2 % foetal bovine serum. Fluids were collected 8 h after inoculation and the yield of VSV was determined by plaque assay.
t Control preparation of crude leukocyte interferon. ~: Control preparation of crude fibroblast interferon.
virus producer P3HR-I line, designated P3HR-J and P3H-PICAT. TPA had a pronounced IF inducing effect on Namalwa and a slight effect on NC37, but it did not induce the remaining three cell lines. Sodium butyrate had no IF inducing effect on any of the cell lines. Similarly to the IdUrd induction and P3HR-I virus superinfection experiments, there was no relationship between the induction of the EBV cycle in terms of EA and IF production. Thus, Namalwa, the line best inducible with regard to the IF production by both IdUrd and TPA, was not induced to form EA. The EBV cycle in Raji cells was induced by IdUrd to a small extent whereas NC37 cells and the P3H sublines were relatively highly inducible.. The P3HR-I lines were also induced to form EA by TPA and sodium butyrate.
Two distinct antigenic species of human interferon can be distinguished with the aid of specific antisera. The Le species forms the bulk of IF activity present in preparations obtained from primary cultures of buffy coat cells, while F IF is preferentially synthesized by a variety of non-lymphoid cells (Havell et al. 1975, ~978) . IF induced with Sendai virus in Namalwa cells, like buffy coat cell IF, contains predominantly Le IF, with F IF forming a minor species (Havell et al. 1977) . It is known that the proportion of the two IFs produced by a cell population may depend on the type of inducer employed (Havell et al. ~978) . Thus it was of interest to determine whether FIF was present in various preparations from lymphoMastoid cells. The results of two experiments using IF induced by various means in Namalwa, Raji and RN-2 cells are summarized in Table 3 . IF activity produced in Namalwa cells spontaneously or after inoculation with B95-8 virus was completely neutralized in the presence of anti-Le serum, that is, no detectable F IF was present. In contrast, IdUrd-stimulated IF from Namalwa, Raji or RN-2 cells was neutralized only partially by serum against Le IF and a mixture of both antisera was required for complete neutralization. Thus, F IF was present in the latter preparations, as was also the case with the control buffy coat-derived IF preparation (Havell et al. I977) . Anti-F serum alone did not exert a marked neutralizing effect on the IdUrd-induced preparations, probably because an excess of Le IF was present. (Klein et al. I972) and confirmed in the present experiments. Nevertheless, P3HR-I virus failed to induce significant IF production in Raji cells, whereas in Namalwa cells it induced some, but clearly less was formed than in response to IdUrd. Among the Raji-Namalwa hybrids studied, only RN-2 produced a relatively large amount of IF in response to P3HR-r virus; the others produced little or none. The poor IF-inducing effect of this virus variant may be related to its highly cytopathic nature, with inhibition of DNA synthesis even in cells where the virus cycle is not induced (Rocchi et al. I973 ). Other lytic viruses, including herpes simplex, often fail to induce significant IF synthesis, due to their rapid cytopathic action (Aurelian & Roizman, I965; Wagner & Huang, I966) .
In contrast, the non-cytopathic (transforming) B95-8 virus variant induced IF synthesis in the complete absence of any EBV cycle induction in all the cell lines tested except for RN-2. Its IF-inducing effect was particularly marked in Namalwa. This is noteworthy since this virus strain had no other detectable effect on Namalwa cells. Whether its failure to induce IF synthesis in RN-2, the exceptional hybrid, is somehow related to the fact that the P3HR-I variant induced significant IF production in this one cell line, or is purely coincidental must be the subject of further studies.
It is known that after stimulation with Sendai or Newcastle disease viruses Namalwa cells produce a mixture of two antigenically distinct IFs, Le and F, with the latter forming a minor component (Havell et al. I977) . This study shows that the presence of F IF depends on the mode of induction. No F IF was produced from Namalwa cells either spontaneously or after B95-8 virus induction. In contrast, F IF was present as a minor component after the induction of three different ceils with IdUrd. Thus the proportion of Le and F IFs produced by various lymphoblastoid cell lines clearly depends on the mode of induction. A similar conclusion was recently reached in studies employing human fibroblasts; under some circumstances these produce a small amount of Le, together with F IF (Havell et al. I978) .
The finding that the tumour promotor TPA acts as a quite potent IF inducer in some lymphoblastoid cell line(is of interest. TPA is known to have many varied effects on gene expression in animal cells (Van Duuren, I976) . A more thorough study of its action on IF production in various cells may help in the analysis of mechanisms governing IF induction.
After the completion of this manuscript we noticed a recent related paper by Dalton & Paucker (I979) . In agreement with our observations these authors were unable to detect the presence of F interferon in the interferon produced spontaneously by four different lymphoblastoid cell lines. In contrast, F interferon was present in preparations induced with Sendai virus or bluetongue virus.
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